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Key PointsPerampanel is a noncompetitive, selective α‐amino‐3‐hydroxy‐5‐methyl‐4‐isoxazolepropionic acid (AMPA) receptor antagonist indicated in patients with focal seizures (FS) or generalized tonic‐clonic seizures (GTCS).Pharmacokinetic data suggest that the same perampanel dose (mg/day) can be given to adults and children (age ≥4 years) to achieve exposures shown to be efficacious.Study 311 was a global, multicenter, open‐label, single‐arm study of adjunctive perampanel treatment in pediatric patients (aged 4 to \<12 years) with FS or GTCS.Perampanel oral suspension was generally safe and well tolerated in pediatric patients; somnolence was the most common treatment‐emergent adverse event.The median reductions in seizure frequency per 28 days from baseline and 50% or 100% responder rates were similar regardless of seizure type, age, or EIASD status.

1. INTRODUCTION {#epi16413-sec-0006}
===============

Perampanel, an orally active, noncompetitive, selective α‐amino‐3‐hydroxy‐5‐methyl‐4‐isoxazolepropionic acid (AMPA) receptor antagonist,[1](#epi16413-bib-0001){ref-type="ref"} is the first selective inhibitor of postsynaptic excitatory neurotransmission[2](#epi16413-bib-0002){ref-type="ref"} and is approved in \>50 countries worldwide. Perampanel at oral doses of 4‐12 mg/day has shown efficacy when administered as an adjunctive therapy in focal seizures (FS; previously known as partial‐onset seizures) with or without focal to bilateral tonic‐clonic seizures (FBTCS; previously known as secondarily generalized seizures).[3](#epi16413-bib-0003){ref-type="ref"}, [4](#epi16413-bib-0004){ref-type="ref"}, [5](#epi16413-bib-0005){ref-type="ref"}, [6](#epi16413-bib-0006){ref-type="ref"}, [7](#epi16413-bib-0007){ref-type="ref"} Perampanel has also demonstrated efficacy as an adjunctive therapy for generalized tonic‐clonic seizures (GTCS; previously known as primary generalized tonic‐clonic seizures).[3](#epi16413-bib-0003){ref-type="ref"}, [4](#epi16413-bib-0004){ref-type="ref"}, [8](#epi16413-bib-0008){ref-type="ref"} Recently, in the United States, the indication for perampanel was expanded from adolescent (age ≥12 years) and adult patients to include pediatric patients (≥4 years) with FS with or without FBTCS.[4](#epi16413-bib-0004){ref-type="ref"}

The efficacy, safety, and tolerability profiles of adjunctive perampanel in patients aged ≥12 years with FS (with/without FBTCS) have been well documented in three double‐blind, randomized, placebo‐controlled, phase III studies (Studies 304 \[NCT00699972\], 305 \[NCT00699582\], and 306 \[NCT00700310\]),[5](#epi16413-bib-0005){ref-type="ref"}, [6](#epi16413-bib-0006){ref-type="ref"}, [7](#epi16413-bib-0007){ref-type="ref"} and an accompanying pooled analysis.[9](#epi16413-bib-0009){ref-type="ref"} Long‐term (≤3 years) tolerability and improvements in seizure outcomes for patients with FS (with/without FBTCS) have also been observed with adjunctive perampanel.[10](#epi16413-bib-0010){ref-type="ref"} For GTCS, the efficacy and safety of adjunctive perampanel has been demonstrated in a double‐blind, randomized, placebo‐controlled, phase III study (Study 332 \[NCT01393743\]), which involved patients (aged ≥12 years) with drug‐resistant GTCS associated with idiopathic generalized epilepsy.[8](#epi16413-bib-0008){ref-type="ref"}

Selection of a suitable anti‐seizure drug (ASD) for patients with epilepsy aged ≥4 years continues to be a challenge for physicians because of the low number of interventional (efficacy/safety) clinical studies conducted in such young patients[11](#epi16413-bib-0011){ref-type="ref"} due to factors such as paucity of funding, or ethical concerns.[12](#epi16413-bib-0012){ref-type="ref"} Extrapolation of efficacy data from adult to pediatric patients (an approach accepted by the United States Food and Drug Administration \[FDA[13](#epi16413-bib-0013){ref-type="ref"}\] when it can be reasonably assumed children have similar disease progression, response to treatment, and exposure‐response relationships to adults) can be a valuable means of increasing treatment options for children with epilepsy.[14](#epi16413-bib-0014){ref-type="ref"}, [15](#epi16413-bib-0015){ref-type="ref"} However, safety data cannot be extrapolated from adults to children; therefore, separate (open‐label) clinical studies are required to assess drug safety in patients aged ≥4 years.[13](#epi16413-bib-0013){ref-type="ref"}

The pharmacokinetic (PK) profiles of perampanel (tablet form) in adolescents (aged ≥12 to \<18 years) and adult patients are comparable.[4](#epi16413-bib-0004){ref-type="ref"}, [16](#epi16413-bib-0016){ref-type="ref"} However, the presence of a moderate or strong CYP3A4 inducer such as an enzyme‐inducing ASD (EIASD; eg, carbamazepine, oxcarbazepine, and phenytoin) can decrease plasma levels of perampanel.[4](#epi16413-bib-0004){ref-type="ref"}, [17](#epi16413-bib-0017){ref-type="ref"}

Results from an open‐label pilot study (with long‐term extension; Study 232 \[NCT01527006\]) of once‐daily adjunctive perampanel oral suspension in patients with epilepsy aged ≥2 to \<12 years[18](#epi16413-bib-0018){ref-type="ref"} showed that perampanel PK is independent of age, weight, or liver function. This suggests that the same perampanel dose (mg/day) can be given to adults and children (≥2 years of age) without the need for age or weight‐based adjustments to achieve exposures shown to be efficacious.[18](#epi16413-bib-0018){ref-type="ref"}

Study 311 was an open‐label study designed to evaluate the safety, tolerability, PK, and PK/pharmacodynamics of adjunctive perampanel oral suspension in children (aged 4 to \<12 years) with inadequately controlled FS (with/without FBTCS) or GTCS. This article presents safety and efficacy results from the final 311 Core Study and aims to provide evidence to support the efficacy extrapolation approach for perampanel as a treatment option for pediatric patients.

2. MATERIALS AND METHODS {#epi16413-sec-0007}
========================

2.1. Patients and study design {#epi16413-sec-0008}
------------------------------

Study 311 (NCT02849626) was a global, multicenter, open‐label, single‐arm study involving children (4 to \<12 years of age) with inadequately controlled FS (with/without FBTCS) or GTCS. It included a Core Study plus Extension A and Extension B.

The 311 Core Study consisted of a 4‐week Pre‐treatment Period (Screening/Baseline), a 23‐week Treatment Period (11‐week Titration plus 12‐week Maintenance), and a 4‐week Follow‐up Period for patients not entering Extension A (Figure [1](#epi16413-fig-0001){ref-type="fig"}).

![Study design](EPI-61-125-g001){#epi16413-fig-0001}

During the Pre‐treatment (Screening/Baseline) Period of the Core Study, patients continued their existing baseline ASD(s) as per the inclusion/exclusion criteria. During this period, patients were stratified by age (4 to \<7 years; 7 to \<12 years) and by the presence or absence of a concomitant EIASD.

During the Treatment Phase, perampanel oral suspension (0.5 mg/mL) was administered once daily at bedtime. During the Titration Period, the perampanel starting dose, titration schedule, and maximum allowed dose were based on whether a patient was/was not receiving a concomitant EIASD, as well as the individual patient\'s clinical response and tolerability to treatment. Titration (increments of 2 mg/day) occurred no more frequently than weekly from a starting dose of 2 mg/day up to 8 mg/day for patients not receiving concomitant EIASDs or from a starting dose of 2 or 4 mg/day up to 12 mg/day for patients taking concomitant EIASDs. However, patients who were tolerating perampanel well, and were deemed to benefit from a higher dose, could have further dose titrations up to 12 mg/day for patients not receiving concomitant EIASDs or up to 16 mg/day for patients taking concomitant EIASDs. Regardless of EIASD status, the maximum dose of perampanel that patients enrolled in Japan could receive was 12 mg/day.

During the Maintenance Period of the Treatment Phase, patients continued perampanel at the dose level achieved at the end of the Titration Period. Dose adjustments were permitted if a patient experienced intolerable treatment‐emergent adverse event(s) (TEAE\[s\]) or a higher dose was deemed clinically beneficial. During the Titration and Maintenance Periods of the Core Study, all dose adjustments were implemented via one dose level up or down. Patients who could not tolerate at least 2 mg/day perampanel were discontinued. No change of concomitant ASD was allowed during the Titration or Maintenance Periods of the Core Study.

Patients who completed all scheduled visits up to and including Visit 9 (Week 23) in the Treatment Period of the Core Study were eligible to participate in Extension A. Patients who did not roll over into Extension A, or who discontinued from the Core Study, completed a Follow‐up Period of 4 weeks (±7 days) after the last perampanel dose. Extension A consisted of a Maintenance Period (29 weeks) and Follow‐up Period (4 weeks \[±7 days\]). After completion of Extension A, patients enrolled in Japan and countries where an Extended Access Program cannot be implemented could enter Extension B.

Study 311 was performed in accordance with the Declaration of Helsinki, the International Conference on Harmonisation (ICH)‐E6 Guideline for Good Clinical Practice (GCP) CPMP/ICH/135/95, the United States Code of Federal Regulations Title 21, the European GCP Directive 2005/28/EC, and the Clinical Trial Directive 2001/20/EC.

2.2. Key eligibility criteria {#epi16413-sec-0009}
-----------------------------

Eligibility criteria are provided in Text S1. In summary, patients must have had a diagnosis of epilepsy with FS (with/without FBTCS) or GTCS according to the 1981 International League Against Epilepsy (ILAE) seizure classification[19](#epi16413-bib-0019){ref-type="ref"} (terminology has been updated in accordance with 2017 ILAE seizure classification)[20](#epi16413-bib-0020){ref-type="ref"} established at least 6 months prior to screening (Visit 1) by clinical history and an electroencephalogram consistent with the diagnosis. It was required that a pre‐screening brain imaging scan ruled out a progressive cause of epilepsy. Patients must also have had ≥1 FS (simple FS with motor signs, complex FS, or complex FS with FBTC seizures) or ≥1 GTCS during the 12 weeks ± 3 days (4 weeks ± 3 days in Japan only) before study treatment initiation (Visit 2; Week 0)--the seizure could therefore have occurred ≤8 weeks prior to Visit 1 and/or ≤4 weeks prior to Visit 2; the requirement in Japan was 4 weeks ± 3 days.

Patients must have been receiving treatment with 1‐3 ASDs at stable doses for ≥4 weeks prior to Visit 1, or for a new ASD regimen, stable for ≥8 weeks prior to Visit 1. Only one EIASD (carbamazepine, phenytoin, oxcarbazepine, or eslicarbazepine) was permitted.

2.3. Endpoints {#epi16413-sec-0010}
--------------

The primary endpoint was safety and tolerability of perampanel oral suspension. Safety assessments included the incidence of TEAEs, serious TEAEs (TESAEs), laboratory parameters, vital signs, and electrocardiogram (ECG) parameters.

To evaluate effects of perampanel on cognitive function, secondary safety endpoints included changes from baseline in Aldenkamp‐Baker Neuropsychological Assessment Schedule (ABNAS) at the end of the Treatment Phase (Week 23). ABNAS[21](#epi16413-bib-0021){ref-type="ref"} measures the following aspects of cognitive function: fatigue, slowing, memory, concentration, motor coordination, and language, using a 4‐point scale; scores range from 0 -- 72, with higher scores indicating worsening cognitive function.

Key secondary endpoints to assess efficacy included median percent change in seizure frequency per 28 days during the Treatment Period (Titration and Maintenance Periods), and the proportion of patients who were 50% responders, or achieved seizure freedom (100% responders) during the Maintenance Period. Clinical Global Impression of Change (CGIC) measured improvement in a patient\'s condition following perampanel treatment at Week 23 compared with Baseline. A full list of secondary and exploratory endpoints are provided in Table [S1](#epi16413-sup-0001){ref-type="supplementary-material"}.

2.4. Patient cohorts {#epi16413-sec-0011}
--------------------

Data are presented for all (total) patients and by disease cohort (FS; FBTCS; GTCS), age cohort (younger \[4 to \<7 years\] vs older patients \[7 to \<12 years\]), and with/without concomitant EIASDs. Patients were enrolled into the FS or GTCS disease cohorts (or FBTCS sub‐cohort) by the investigator based on epilepsy history. Patients who experienced ≥1 seizure type during Baseline were included in the efficacy analysis for each seizure type. Efficacy data for patients with FS are presented as total FS: all FS including simple FS seizures without motor signs, simple FS with motor signs, complex FS, and complex FS with FBTCS. If a patient did not experience a FS, FBTCS, or GTCS during Baseline, they were excluded from the efficacy analysis for that seizure type but were included as part of the total seizure group analysis for the cohort into which they were assigned.

2.5. Statistical analyses {#epi16413-sec-0012}
-------------------------

The Safety Analysis Set (SAS) included all patients who received ≥1 dose of perampanel and had ≥1 post‐dose safety assessment. The Full Analysis Set (FAS) included all patients who received ≥1 perampanel dose and had ≥1 post‐dose primary efficacy measurement. Statistical analyses were completed using statistical software SAS version 9.3. Responder rate data (Maintenance Period) are presented using last observation carried forward (LOCF). Cognition data, demographic, and other Baseline characteristics for the SAS, and percent change in seizure frequency per 28 days from Baseline were summarized using descriptive statistics. The proportion of responders, the proportion of patients who achieved seizure freedom (100% responders), and CGIC (LOCF) values were summarized using frequency count (n,%).

A sample size of ≥160 patients was considered sufficient for safety evaluation in this patient population, and is consistent with the total number of adolescents enrolled in the global phase III efficacy and safety studies, which supported perampanel\'s indication in FS and GTCS.

3. RESULTS {#epi16413-sec-0013}
==========

3.1. Patients {#epi16413-sec-0014}
-------------

Patient demographics and Baseline clinical characteristics for all (total) patients and by cohort are provided in Table [1](#epi16413-tbl-0001){ref-type="table"}. A total of 180 pediatric patients were enrolled (Figure [2](#epi16413-fig-0002){ref-type="fig"}); 149 patients (83%) had FS, of which a subset of 54 patients (30%) had FBTCS, and 31 patients (17%) had GTCS. Forty‐six patients (26%) patients were age 4 to \<7 years and 134 patients (74%) were age 7 to \<12 years. The mean (SD) patient age for all (total) patients was 8.1 (2.1) years. Forty‐nine patients (27%) were taking a concomitant EIASD at Baseline, although one patient taking carbamazepine at Baseline was erroneously included in the "without EIASD" cohort (Table [1](#epi16413-tbl-0001){ref-type="table"}). Most commonly taken ASDs at Baseline were levetiracetam (n = 58, 32%) and valproic acid (n = 54, 30%); the most common EIASDs were carbamazepine (n = 26, 14%) and oxcarbazepine (n = 19, 11%).

###### 

Demographic and Baseline clinical characteristics of patients participating in the Core Study by disease, age, and EIASD cohort (Safety Analysis Set)

                                                                                 Disease cohort   Age cohort     EIASD cohort       All (total) patients (N = 180)                                                        
  ------------------------------------------------------------------------------ ---------------- -------------- ------------------ -------------------------------- ------------------ -------------- ------------------ ------------------
  Mean age,[b](#epi16413-note-0005){ref-type="fn"} years (SD)                    8.1 (2.1)        7.7 (2.0)      8.5 (2.0)          5.3 (0.7)                        9.1 (1.4)          8.4 (2.1)      8.1 (2.1)          8.1 (2.1)
  Sex, %                                                                                                                                                                                                                  
  Female                                                                         52               54             36                 52                               48                 54             47                 49
  Race, n (%)                                                                                                                                                                                                             
  Caucasian                                                                      70 (48)          19 (35)        23 (89)            21 (50)                          72 (56)            30 (64)        63 (51)            93 (54)
  Japanese                                                                       65 (45)          33 (61)        0 (0)              16 (38)                          49 (38)            13 (28)        52 (42)            65 (38)
  Other[c](#epi16413-note-0006){ref-type="fn"}                                   10 (7)           2 (4)          3 (12)             5 (12)                           8 (6)              4 (9)          9 (7)              13 (8)
  Missing data                                                                   4                0              5                  4                                5                  1              8                  9
  Mean (SD) time since diagnosis,[d](#epi16413-note-0007){ref-type="fn"} years   5.7 (2.7)        5.7 (2.5)      5.6 (3.6)          4.2 (1.5)                        6.2 (3.1)          5.5 (2.8)      5.8 (2.9)          5.7 (2.9)
  Seizure type,[e](#epi16413-note-0008){ref-type="fn"} n (%)                                                                                                                                                              
  FS                                                                             148 (99)         54 (100)       7 (23)             41 (89)                          114 (85)           46 (96)        109 (83)           155 (86)
  Simple FS without motor signs                                                  19 (13)          6 (11)         5 (16)             5 (11)                           19 (14)            6 (13)         18 (14)            24 (13)
  Simple FS with motor signs                                                     46 (31)          16 (30)        5 (16)             9 (20)                           42 (31)            10 (21)        41 (31)            51 (28)
  Complex FS                                                                     116 (78)         35 (65)        4 (13)             30 (65)                          90 (67)            38 (79)        82 (62)            120 (67)
  Complex FS with FBTCS                                                          82 (55)          54 (100)       2 (7)              23 (50)                          61 (46)            21 (44)        63 (48)            84 (47)
  Generalized seizures                                                           24 (16)          9 (17)         31 (100)           11 (24)                          44 (33)            11 (23)        44 (33)            55 (31)
  Absence/myoclonic                                                              9 (6)/ 12 (8)    2 (4)/ 3 (6)   16 (52)/ 17 (55)   5 (11)/ 6 (13)                   20 (15)/ 23 (17)   2 (4)/ 4 (8)   23 (17)/ 25 (19)   25 (14)/ 29 (16)
  Clonic/tonic                                                                   6 (4)/ 5 (3)     3 (6)/ 4 (7)   10 (32)/ 11 (36)   4 (9)/ 3 (7)                     12 (9)/ 13 (10)    2 (4)/ 3 (6)   14 (11)/ 13 (10)   16 (9)/ 16 (9)
  Tonic‐clonic                                                                   4 (3)            2 (4)          27 (87)            6 (13)                           25 (19)            2 (4)          29 (22)            31 (17)
  Atonic (astatic)                                                               9 (6)            4 (7)          6 (19)             3 (7)                            12 (9)             4 (8)          11 (8)             15 (8)
  Number of ASDs at Baseline, n (%)                                                                                                                                                                                       
  EIASD[f](#epi16413-note-0009){ref-type="fn"}                                                                                                                                                                            
  1                                                                              13 (28)          4 (33)         2 (100)            1 (9)                            14 (37)            15 (31)        NA                 15 (31)
  2                                                                              27 (57)          7 (58)         0 (0)              7 (64)                           20 (53)            26 (54)        NA                 27 (55)
  3                                                                              7 (15)           1 (8)          0 (0)              3 (27)                           4 (11)             7 (15)         NA                 7 (14)
  Non‐EIASDs[f](#epi16413-note-0009){ref-type="fn"}                                                                                                                                                                       
  1                                                                              14 (14)          7 (17)         6 (21)             4 (11)                           16 (17)            NA             20 (15)            20 (15)
  2                                                                              56 (55)          22 (52)        17 (59)            22 (63)                          51 (53)            NA             73 (56)            73 (56)
  3                                                                              32 (31)          13 (31)        6 (21)             9 (26)                           29 (30)            NA             38 (29)            38 (29)

Disease cohorts: Patients were assigned as FS or GTCS by the investigator; FBTCS is the subset of FS patients who recorded focal to bilateral tonic‐clonic seizures during the Baseline period. Percentage values may be \>100% due to rounding.

Abbreviations: EIASD, enzyme‐inducing anti‐seizure drug; FBTCS, focal to bilateral tonic‐clonic seizures; FS, focal seizures; GTCS, generalized tonic‐clonic seizures; SD, standard deviation.

One patient who was taking carbamazepine for epilepsy at Baseline was erroneously included in the without EIASD cohort.

Age is calculated at date of informed consent/assent.

Not Caucasian and not Japanese race; includes Black or African American, Asian (non‐Japanese), American Indian or Alaska Native, Other.

(Screening date -- date of diagnosis)/365.25. If the day or month of diagnosis was missing, the day was imputed as the first of the month, and the month was imputed as January. If imputed date is before the birth date, the birth date was used in place of time from diagnosis.

Multiple seizure types may be recorded.

An EIASD patient took one inducing ASD at Baseline; EIASDs include carbamazepine, oxcarbazepine, eslicarbazepine, and phenytoin; all other ASDs are non‐EIASDs.
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![Patient disposition and primary reason for discontinuation from the 311 Core Study (all enrolled patients)](EPI-61-125-g002){#epi16413-fig-0002}

All enrolled patients were included in the SAS and had ≥1 post‐dose primary efficacy measurement so were also included in the FAS. The total seizures (FS) group includes one patient with FS who was excluded from the FS efficacy analysis because they did not have a FS at Baseline, and the total seizures (GTCS) group includes nine patients excluded from the GTCS efficacy analysis because they did not have a GTCS seizure at Baseline. All patients in the FBTCS cohort had experienced an FBTCS at Baseline.

Overall, 146 patients (81%) completed the Core Study. The most common reasons for discontinuation were the following: adverse event (AE; 8%), inadequate therapeutic effect (4%), and patient choice (4%). Similar trends for study completion and reason for discontinuation were seen in the disease, age, and EIASD cohorts.

3.2. Perampanel dose and exposure {#epi16413-sec-0015}
---------------------------------

The mean (standard deviation, SD) daily dose of perampanel for all (total) patients was 7.0 (2.6) mg/day; this was similar across the disease and age cohorts, but slightly higher in the "with" (8.7 \[2.9\] mg/day) vs the "without" (6.4 \[2.3\] mg/day) EIASD cohorts (Table [S2](#epi16413-sup-0001){ref-type="supplementary-material"}). The median (interquartile range \[IQR\]) duration of exposure for all (total) patients was 22.9 (2.0) weeks; again, this was similar across the cohorts (Table [S2](#epi16413-sup-0001){ref-type="supplementary-material"}). The majority of patients (80%) received perampanel for \>20 weeks, with 69% receiving perampanel for \>22 weeks.

3.3. Safety outcomes {#epi16413-sec-0016}
--------------------

Overall, 89% of patients experienced a TEAE and 67% experienced a TEAE considered related to perampanel (Table [2](#epi16413-tbl-0002){ref-type="table"}). Patients in the GTCS cohort and younger pediatric patients had a higher proportion of treatment‐related TEAEs (81% and 83%, respectively) compared with any other cohort (60%‐69%, Table [2](#epi16413-tbl-0002){ref-type="table"}). The most common TEAEs (≥10% of patients, regardless of causality) observed in all (total) patients were somnolence (26%), nasopharyngitis (19%); dizziness, irritability, and pyrexia (each 13%); and vomiting (11%) (Table [2](#epi16413-tbl-0002){ref-type="table"}).

###### 

Overview of TEAEs, and TEAEs occurring in ≥10% of patients, by disease cohort, age cohort, and EIASD cohort (Safety Analysis Set)

                                                                                                Disease cohort   Age cohort   EIASD cohort   All (total) patients (N = 180)                                   
  --------------------------------------------------------------------------------------------- ---------------- ------------ -------------- -------------------------------- ---------- --------- ---------- ----------
  TEAEs,[a](#epi16413-note-0012){ref-type="fn"} n (%)                                           134 (90)         53 (98)      26 (84)        45 (98)                          115 (86)   40 (83)   120 (91)   160 (89)
  Treatment‐related TEAEs, n (%)                                                                95 (64)          36 (67)      25 (81)        38 (83)                          82 (61)    29 (60)   91 (69)    120 (67)
  Severe[b](#epi16413-note-0013){ref-type="fn"} TEAEs, n (%)                                    10 (7)           4 (7)        4 (13)         6 (13)                           8 (6)      2 (4)     12 (9)     14 (8)
  Serious TEAEs, n (%)                                                                          23 (15)          13 (24)      4 (13)         13 (28)                          14 (10)    5 (10)    22 (17)    27 (15)
  Deaths[c](#epi16413-note-0014){ref-type="fn"}                                                 1 (1)            0 (0)        0 (0)          1 (2)                            0 (0)      1 (2)     0 (0)      1 (1)
  Other SAEs, n (%)                                                                             22 (15)          13 (24)      4 (13)         12 (26)                          14 (10)    4 (8)     22 (17)    26 (14)
  Life‐threatening                                                                              0 (0)            0 (0)        0 (0)          0 (0)                            0 (0)      0 (0)     0 (0)      0 (0)
  Requiring hospitalization/prolongation of hospitalization                                     21 (14)          13 (24)      4 (13)         12 (26)                          13 (10)    4 (8)     21 (16)    25 (14)
  Persistent/significant disability or incapacity[c](#epi16413-note-0014){ref-type="fn"}        1 (1)            0 (0)        0 (0)          0 (0)                            1 (1)      0 (0)     1 (1)      1 (1)
  Important medical events[c](#epi16413-note-0014){ref-type="fn"}                               1 (1)            0 (0)        0 (0           0 (0)                            1 (1)      0 (0)     1 (1)      1 (1)
  TEAEs leading to study drug dose adjustment, n (%)                                            69 (46)          24 (44)      15 (48)        27 (59)                          57 (43)    17 (35)   67 (51)    84 (47)
  Withdrawal                                                                                    14 (9)           2 (4)        3 (10)         5 (11)                           12 (9)     5 (10)    12 (9)     17 (9)
  Dose increase                                                                                 0 (0)            0 (0)        1 (3)          0 (0)                            1 (1)      0 (0)     1 (1)      1 (1)
  Dose reduction                                                                                60 (40)          22 (41)      13 (42)        24 (52)                          49 (37)    15 (31)   58 (44)    73 (41)
  Dose interruption                                                                             0 (0)            0 (0)        0 (0)          0 (0)                            0 (0)      0 (0)     0 (0)      0 (0)
  TEAE related to psychosis/psychotic disorders,[d](#epi16413-note-0015){ref-type="fn"} n (%)                                                                                                                 
  Bradyphrenia                                                                                  5 (3)            0 (0)        0 (0)          0 (0)                            5 (4)      3 (6)     2 (2)      5 (3)
  Abnormal behavior                                                                             0 (0)            0 (0)        1 (3)          0 (0)                            1 (1)      0 (0)     1 (1)      1 (1)
  Affect lability                                                                               1 (1)            0 (0)        0 (0)          0 (0)                            1 (1)      1 (2)     0 (0)      1 (1)
  Most common TEAEs (occurring in ≥10%, each cohort), n (%)                                                                                                                                                   
  Somnolence                                                                                    42 (28)          17 (32)      5 (16)         16 (35)                          31 (23)    12 (25)   35 (27)    47 (26)
  Nasopharyngitis                                                                               32 (22)          16 (30)      3 (10)         12 (26)                          23 (17)    11 (23)   24 (18)    35 (19)
  Dizziness                                                                                     18 (12)          7 (13)       5 (16)         6 (13)                           17 (13)    5 (10)    18 (14)    23 (13)
  Irritability                                                                                  18 (12)          8 (15)       5 (16)         9 (20)                           14 (10)    3 (6)     20 (15)    23 (13)
  Pyrexia                                                                                       20 (13)          7 (13)       3 (10)         11 (24)                          12 (9)     8 (17)    15 (11)    23 (13)
  Vomiting                                                                                      16 (11)          7 (13)       4 (13)         5 (11)                           15 (11)    9 (19)    11 (8)     20 (11)

Disease cohorts: Patients were assigned as FS or GTCS by the investigator; FBTCS is the subset of FS patients who recorded focal to bilateral tonic‐clonic seizures during the Baseline period. Percentage values may be \>100% due to rounding.

Abbreviations: AE, adverse event; EIASD, enzyme‐inducing anti‐seizure drug; FBTCS, focal to bilateral tonic‐clonic seizures; FS, focal seizures; GTCS, generalized tonic‐clonic seizures; MedDRA, Medical Dictionary for Regulatory Activities; SAE, serious adverse event; SMQ, standardized MedDRA queries; TEAE, treatment‐emergent adverse event.

A TEAE is defined as an AE that emerges from the date of first dose of study drug to 28 days after last end date of dose in prescribed dose entry, having been absent at Pre‐treatment (Baseline) or re‐emerges during treatment, having been present at Pre‐treatment (Baseline) but stopped before treatment, or worsens in severity during treatment relative to the Pre‐treatment state when the AE is continuous; a patient with two or more AEs is counted only once for that event.

Severe = incapacitating, with inability to work or to perform normal daily activity.

This event was considered unrelated to study drug (perampanel) treatment.

Defined by narrow and broad MedDRA SMQ terms.

John Wiley & Sons, Ltd

The withdrawal rate due to TEAEs was generally similar across all cohorts (4%‐11%). Perampanel dose reductions due to a TEAE were reported in 31%‐52% of patients across all cohorts, and were highest in patients 4 to \<7 years of age.

Twenty‐seven patients (15%) experienced 47 TESAEs, of whom 25 (14%) required hospitalization or prolongation of hospitalization during the study. Of these, seven patients (4 from the younger and 3 from the older pediatric cohort) had 10 TESAEs considered related to perampanel (Table [S3](#epi16413-sup-0001){ref-type="supplementary-material"}). One death was reported (viral myocarditis) in a patient taking 8 mg perampanel (FS; aged 4 years; with EIASD); the event was deemed to be not related to perampanel. Further information on those patients who discontinued due to a TEAE/s, or who had a dose reduction due to a TEAE/s, can be found in Text S2.

There were no clinically significant changes at Week 23 from Baseline in cognitive function as assessed by ABNAS in total score and in each of the domains. Mean (SD) change from Baseline in total ABNAS score across all cohorts at Week 23 was 1.3 (15.2) (LOCF). No clinically important changes in mean laboratory values, vital signs, or ECG parameters from Baseline to Week 23 were reported (Text S3).

3.4. Efficacy outcomes {#epi16413-sec-0017}
----------------------

For the overall population, the median percent reduction in FS, FBTCS, and GTCS frequency per 28 days from Baseline following treatment with adjunctive perampanel was: 40% (95% confidence interval \[CI\] 31%‐53%; \[IQR\] 76), 59% (95% CI 49%‐70%; IQR 49), and 69% (95% CI 18%‐100%; IQR 82), respectively (Figure [3](#epi16413-fig-0003){ref-type="fig"}A). For total seizures in the FS cohort, the median percent reduction in seizure frequency from Baseline per 28 days was 37% (95% CI 31%‐51%; IQR 77) (Figure [3](#epi16413-fig-0003){ref-type="fig"}A). For total seizures in the GTCS cohort, the value was 22% (95% CI −12% to 57%; IQR 88) (Figure [3](#epi16413-fig-0003){ref-type="fig"}A).

![Median percent reduction in seizure frequency per 28 days from Baseline by seizure type for (A) all (total) patients, (B) age cohort, and (C) EIASD cohort (Full Analysis Set)](EPI-61-125-g003){#epi16413-fig-0003}

A similar reduction in seizure frequency was observed for the age and EIASD cohorts for all seizure types. For FS, median percent reduction in seizure frequency per 28 days from Baseline was 43% (95% CI 26%‐56%; IQR 48) for the 4 to \<7 year cohort and 40% (95% CI 31%‐53%; IQR 81) for the 7 to \<12 year cohort (Figure [3](#epi16413-fig-0003){ref-type="fig"}B). For total seizures in the FS cohort, these values were 34% (95% CI 25%‐56%; IQR 56) and 39% (95% CI 24%‐51%; IQR 84) for the 4 to \<7 and 7 to \<12 year cohorts, respectively. For the with/without concomitant EIASD cohorts, the median percent reduction for FS were 34% (95% CI −9% to 60%; IQR 93) and 42% (95% CI 32%‐54%; IQR 57), respectively (Figure [3](#epi16413-fig-0003){ref-type="fig"}C). For total seizures in the FS cohort, the values were 34% (95% CI −9% to 62%; with EIASD; IQR 94) and 39% (95% CI 31%‐53%; without EIASD; IQR 63).

For FBTCS, median percent reduction in seizure frequency per 28 days from Baseline was 56% (95% CI 39%‐78%; IQR 39) for younger patients and 61% (95% CI 43%‐76%; IQR 52) for older patients (Figure [3](#epi16413-fig-0003){ref-type="fig"}B), and 60% (95% CI 9%‐79%; IQR 59) for the with concomitant EIASDs cohort and 58% (95% CI 48%‐70%; IQR 47) for the without concomitant EIASDs cohort (Figure [3](#epi16413-fig-0003){ref-type="fig"}C).

For GTCS, the median percent reduction in seizure frequency per 28 days from Baseline was 57% (95% CI −1218% to 100%; IQR 1318) for younger patients, and 82% (95% CI 18%‐100%; IQR 82) for older patients (only three patients in the younger age cohort had GTCS potentially limiting comparisons with the older cohort) (Figure [3](#epi16413-fig-0003){ref-type="fig"}B). For total seizures in the GTCS cohort, these values were 49% (95% CI −177% to 100%; IQR 120) for patients 4 to \<7 years of age and 18% (95% CI −12% to 52%; IQR 72) for patients age 7 to \<12 years (Figure [2](#epi16413-fig-0002){ref-type="fig"}B). No patients who were taking EIASDs experienced GTCS at Baseline and, as such, were not included in the main efficacy analysis. However, in the total seizures (GTCS) cohort analysis and for two patients who were taking EIASDs, the median percent reduction in seizure frequency per 28 days from Baseline was 16% (95% CI −27% to 58%; IQR 85). In those patients with GTCS not taking concomitant EIASDs, median percent reduction in GTCS frequency per 28 days from Baseline was 69% (95% CI 18%‐100%; IQR 82) (Figure [3](#epi16413-fig-0003){ref-type="fig"}C). For total seizures, the values were 22% (95% CI −12% to 52%; IQR 75).

Figure [4](#epi16413-fig-0004){ref-type="fig"}A shows the 50% responder rates for total seizures (FS): 44%; FS: 47%; FBTCS: 65%; total seizures (GTCS): 39%; and GTCS, 64%. For total seizures (FS), FBTCS, total seizures (GTCS), and GTCS, the 50% responder rates were similar between the younger and older age cohorts (Figure [4](#epi16413-fig-0004){ref-type="fig"}B).

![Fifty percent responder rates and seizure‐freedom (100% responder) rates, by seizure type, during the Maintenance period for (A) all (total) patients, (B) age cohort 50% responder rate, (C) age cohort seizure‐freedom rate, (D) EIASD cohort 50% responder rate, and (E) EIASD cohort seizure‐freedom rate (Full Analysis Set, last observation carried forward)](EPI-61-125-g004){#epi16413-fig-0004}

The 50% responder rates were 46% and 55%, for FS and FBTCS, respectively, in the with EIASD cohort; and 47%, 67%, and 64% for FS, FBTCS, and GTCS, respectively, in the without EIASD cohort (Figure [4](#epi16413-fig-0004){ref-type="fig"}D). For the total seizures FS cohort, these values were 46% (with EIASD) versus 44% (without EIASD) and for total seizures (GTCS) were 0% versus 41% for with versus without EIASDs, respectively (Figure [4](#epi16413-fig-0004){ref-type="fig"}D). Seizure‐freedom (100% responders) rates are shown in Figure [4](#epi16413-fig-0004){ref-type="fig"}A, C, and E. Seizure freedom was obtained across all seizure types.

Using the CGIC (\[LOCF\] population, N = 176), 10%, 28%, and 31% of patients were "very much improved," "much improved," or "minimally improved" at Week 23 compared with Baseline, respectively; 23% of patients experienced "no change" from Baseline (Table [S4](#epi16413-sup-0001){ref-type="supplementary-material"}). A similar trend was observed across the disease cohort, age cohort, and by EIASD status, with the majority of patients in each cohort showing improvement in CGIC at Week 23 compared with Baseline (Table [S4](#epi16413-sup-0001){ref-type="supplementary-material"}).

4. DISCUSSION {#epi16413-sec-0018}
=============

As safety data cannot be extrapolated from adults to children, separate open‐label clinical studies involving ≥100 patients are required to adequately assess drug safety in patients ≥4 years of age.[13](#epi16413-bib-0013){ref-type="ref"} Safety and efficacy results from the 311 Core Study suggest that daily oral doses of adjunctive perampanel are generally safe, well tolerated, and efficacious in pediatric patients (aged 4 to \<12 years) irrespective of seizure type, and add to existing efficacy and safety data from adult and adolescent studies with perampanel.[5](#epi16413-bib-0005){ref-type="ref"}, [6](#epi16413-bib-0006){ref-type="ref"}, [7](#epi16413-bib-0007){ref-type="ref"}, [8](#epi16413-bib-0008){ref-type="ref"}

In the 311 Core Study, 67% of patients experienced a treatment‐related TEAE, which is within the range reported for treatment‐related TEAEs in Studies 304, 305, and 306 from the 8 or 12 mg/day dose cohorts (57%‐81%),[5](#epi16413-bib-0005){ref-type="ref"}, [6](#epi16413-bib-0006){ref-type="ref"}, [7](#epi16413-bib-0007){ref-type="ref"} but slightly lower than the proportion of patients experiencing a treatment‐related TEAE in the Core part of the open‐label, pilot Study 232 (82%) (data on file, Eisai Inc., Woodcliff Lake, NJ, USA). The most commonly reported TEAEs across all cohorts in Study 311 were somnolence and nasopharyngitis (upper respiratory tract infection \[URTI\]). Somnolence was a commonly reported TEAE in Studies 304, 305, 306, and 332.[5](#epi16413-bib-0005){ref-type="ref"}, [6](#epi16413-bib-0006){ref-type="ref"}, [7](#epi16413-bib-0007){ref-type="ref"}, [8](#epi16413-bib-0008){ref-type="ref"} Furthermore, URTI was also a commonly reported TEAE in the Core part of Study 232 (in addition to pyrexia; data on file, Eisai Inc.,).

The incidence of treatment‐related TEAEs and TEAEs was slightly higher in younger pediatric patients (4 to \<7 years: 83% and 98%, respectively) compared with older pediatric patients (7 to \<12 years; 61% and 86%, respectively). In addition, a higher proportion of younger children had a serious TEAE and/or required hospitalization or prolongation of hospitalization compared with older children (4 to \<7 years: 26% vs 7 to \<12 years: 10%; Table [2](#epi16413-tbl-0002){ref-type="table"}). Of the 25 patients who experienced hospitalizations/prolongation of hospitalization for a serious AE (SAE), seven SAEs were considered related to perampanel and four were in younger pediatric patients. However, the overall incidence of TEAEs leading to discontinuation was low and similar in both age cohorts.

ASDs have the potential to exert detrimental effects on cognitive function and compromise patient well‐being.[22](#epi16413-bib-0022){ref-type="ref"} Perampanel did not produce any clinically significant changes in cognitive function at Week 23 compared with Baseline.

Concomitant EIASDs such as phenytoin, carbamazepine, and oxcarbazepine (CYP3A4 inducers) can decrease perampanel plasma levels, thereby potentially reducing efficacy.[4](#epi16413-bib-0004){ref-type="ref"}, [17](#epi16413-bib-0017){ref-type="ref"} Study 311 included a with/without EIASD cohort to test any impact of concomitant EIASDs on perampanel safety and efficacy. Some flexibility in perampanel dosing (weekly titration) was permitted; patients in the with EIASD cohort (outside of Japan) could receive ≤16 mg/day perampanel (vs ≤12 mg/day for patients in the without EIASD cohort) if tolerability was not impacted and the patient would likely benefit.

The most commonly taken concomitant EIASDs at Baseline in Study 311 were carbamazepine (14%) and oxcarbazepine (11%). The mean daily perampanel dose was higher in the with EIASD cohort vs the non‐EIASD cohort (8.7 vs 6.4 mg, respectively) due to patients in the EIASD cohort being permitted to receive a greater maximum dose of perampanel (≤16 mg/day perampanel). Despite the higher overall perampanel dose in the EIASD cohort, the incidence of TEAEs was similar across both EIASD cohorts, and the incidence of AEs leading to discontinuation was low and similar.

In the 311 Core Study, reductions relative to Baseline in seizure frequency per 28 days and increased responder rates (50% and 100%) were observed across all seizure types. For FS, FBTCS, and GTCS, the median percent reduction in seizure frequency per 28 days from Baseline for patients aged 4 to \<12 years was 40%, 59%, and 69%, respectively. These outcomes are generally consistent with a pooled analysis of data from adolescents and adult patients from Studies 304, 305, and 306 (N = 442, placebo; N = 686, perampanel 8 and 12 mg/day) --- the median percent reduction in seizure frequency per 28 days from Baseline for perampanel 8 and 12 mg/day were 29% and 27%, respectively, for all FS, and 63% and 53%, respectively, for FBTCS.[9](#epi16413-bib-0009){ref-type="ref"} In Study 332, this reduction (GTCS) was 77% for perampanel 8 mg/day.[8](#epi16413-bib-0008){ref-type="ref"}

In addition, in the 311 Core Study, 50% responder rates were 47% for FS, 65% for FBTCS, and 64% for GTCS. These outcomes are generally consistent with those observed in the pooled analysis, where 50% responder rates for perampanel 8 and 12 mg/day were 35% and 35%, respectively, for all FS, and 61% and 54%, respectively, for FBTCS.[9](#epi16413-bib-0009){ref-type="ref"} Similarly, in Study 332, the 50% responder rate for perampanel 8 mg/day was 64%,[8](#epi16413-bib-0008){ref-type="ref"} which is the same as was reported for patients with GTCS in Study 311. In the 311 Core Study and consistent with previous studies involving perampanel in adult and adolescent patients, seizure freedom was obtained across all seizure types.[5](#epi16413-bib-0005){ref-type="ref"}, [6](#epi16413-bib-0006){ref-type="ref"}, [7](#epi16413-bib-0007){ref-type="ref"}, [8](#epi16413-bib-0008){ref-type="ref"}

Median percent reduction in FS seizure frequency per 28 days from Baseline in the 7 to \<12 year cohort was 40%, similar to the 37% reduction for patients with FS aged ≥7 to \<12 years in the Core part of Study 232 (data on file, Eisai Inc.,). For younger patients in the 311 Core Study (4 to \<7 years), median reduction in FS frequency from Baseline was 43% versus a 75% reduction in FS in patients aged ≥2 to \<7 years in the Core part of Study 232 (data on file, Eisai Inc.,). In the Core part of Study 232, median reduction in FBTC seizure frequency was 79% and 43% for younger and older patients, respectively (data on file, Eisai Inc.,), compared with 56% and 61% for Study 311, respectively. These differences between the studies may be partly explained by the relatively small patient population in Study 232.

For the EIASD cohort, there was a reduction in seizure frequency and an increase in responder rates (50% and 100%). This suggests no negative impact of concomitant EIASDs on perampanel efficacy in the 311 Core Study.

Study 311 also assessed perampanel's efficacy using the CGIC[23](#epi16413-bib-0023){ref-type="ref"} as a measure of improvement at Week 23 relative to Baseline. Across disease, age, and concomitant EIASD cohorts, the majority of patients improved following treatment with adjunctive perampanel at Week 23 compared with Baseline.

Limitations of the 311 Core Study include the open‐label design and lack of control group. In addition, the study population diversity was limited because the majority of patients were either of Caucasian or Japanese origin, meaning additional studies in more diverse populations are warranted. There was also a smaller number of younger (n = 46; 4 to \<7 years) patients compared with older (n = 134; 7 to \<12 years) patients. In relation to seizure type, the number of GTCS patients was small (n = 31 in the SAS and FAS) relative to the other seizure types investigated in the study. The number of patients in the EIASD cohort was also small, making conclusions regarding perampanel's efficacy and safety in the presence of a concomitant EIASD/s difficult. In addition, only two patients with GTCS were included in the "with" EIASD cohort (not surprising as EIASDs are not typically prescribed for GTCS[24](#epi16413-bib-0024){ref-type="ref"}); however, neither of these patients had a GTCS at Baseline so were not included in the EIASD cohort efficacy analysis.

In conclusion, results from the 311 Core Study suggest that daily oral doses of adjunctive perampanel are generally safe, well tolerated, and efficacious in younger (4 to \<7 years) and older (7 to \<12 years) pediatric patients with FS (with/without FBTCS) or GTCS, regardless of Baseline concomitant EIASD status. The safety and efficacy outcomes from 311 Core Study are consistent with previous analyses of perampanel in adolescent and adult populations.
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